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ABSt KALT OF T Jlli 1)3 SCLOStlBE 
Atj tOectxode device I'or electrically h baling undergroun 
deposits of hydrocarbons such as oil sautl or oil sdhIck PJurai 
well pipe sections are joined through insulated pipe joints with 
an e3 tetrode: connected through One u£ thu insulated pipe joint? 
to a low-er one of l.bt* pipe sections. Each of the insulated pipu 
joints includes a first tubular member h&i'ing a flange portion 
At one end thfcTKof, 3 second tubular member having a tap portion, 
at one end "which is received in the f^angco portion of the first 
tubular member with a gap therebetween , and an insulating member 
disposed in the gap lor hermetically coupling tlic first and 
second tubular members 2t>d for elf) curie: Ally ip^vloting first 
and second tubular mambQts from one another. 
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ELlttTROOE DEVICE FOR HEATING 
UNJHiRUaOlJHD DEPOSITS OF HYDKOCAUBOKS 

BACKGROUND OF THE INVENTION 

The- present lavontion relates to an else trie device 

* i" 

used to electrically heat urn5 or ground deposits of hydrocarbons. 
More specifically, the present invention relates to an electrode 
5 device which is used to supply electrical power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a :tipn^r viscosity aad higher fluidity in order 
to more, easily remove thera from the veil . 

Tho term 11 hydro carbons" as used hereinafter means 

10 • petroleum or oil, bitumen contained in oil sand [also called 

"tar sand 11 ) and kerogen contained in oil shale * These will all 
be referred to as i1 oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity it is possible to extract the oil through the well 

15 fcithar by gas pressure coexisting ixt the oil layer or by forcing 
a liquid such as brine into one well to force the oil to flow 
out of another well. HotfdVer, should the underground oil havo 
low fluidity, it cannot he extracted until the oil is made mora 
fluid, A. general method af making the oil fluid is to heat tho 

Z$ oil thereby to lowtr the viscosity of the oil. The tempore ture 
suitable for this is different for different types of oil. 

TheTe have hoen proposed as oil layer heating methods 

£. J 

K 
\ 

\ 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of sir so that it may 

5 be burned, and the .use of explosives. The last two methods are 
difficult to control. -"50 that they are BQ± in gQiioral use. 

According to the method of injecting The hot water or 
water vapor a,t a high temperature and under a high pressure, 
the oil layer is heated to enhance the fluidity of tha oil to 

10 ' cause the fluid oil to flow out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low resistance *d* 
the flow of hot water or water vapors or there are voids in the 
oil layer „ the tf&tet or vapors may collect In these regions and 
fail to diffuse throughout the whole layer. ?-]aieover 7 if the 

15 oil layer is solid and dense, the hot xater or its vapors will 
again not diffuse so that the eil layer cannot be heated. 

Heating by the supply of electrical powar is perfumed 
by drilling a plurality of wells in tho eil layer and by establish- 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to the 
electrical current which flows therethrough « This technique Is 
advantageous in that the oil layer can be vholly haatad with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up: the fluid oil, 

2S For improving the oil producing efficiency, there has 
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further bfien proposed a mivthod which includes a first Step of 
heating the oil lay or by electrical resistance heating rind a step 
of injecting hot water or water vapors at a high tempera Lure and 
cmdwr a high pressuro when the qi.l layer becomes soft while con- 

S timiihg the heatirfg so that the- resultant fluid oil may He pumped 
out. In order to efficiently heat the oil layer > the electrode 
device must be stiff iniently electrically Insulated that the leak- 
age of electrically current into underground portions other than 
the oil la/ex is avoided as much as possible. Tha electrode de- 

10 vitio is also required to be unbreakable with respect to the under- 
ground soil pressure, the pressure of the vapors which are gener- 
ated by the heating operation, and the pressure of injected hot 
water Or hot high pressure 'water vapors . The electrode doynce 
Is further required to be free from leakage of hot water or hot 

IS high pressure water -vapors. 

Til order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil s'and will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine bctweeEi 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks of 
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a rive* bat U< most often located ontt.rely ui*3*x ground at a 
dopth.of 200 to S00 ift wMlii having a thickness of weyeral tens 
o£ .meters, ime to consideration of economy and oTwii-oifflWntaii pro- 
tection, it i& WWBeary to separate cat the oil underground and 
to extract only the oil from the well. Moreover, since the 
extraction of oiJ. from a Shallow underground Xayer is accompanied 
by a clan 3 er o£ subsidence, it is de^rafcLe to extract oil only 
from underground layers Jyiirvg deeper than 300 ju. 

' Further aspects of the background o± the invention and 
the .invention Of the present application &re described wi Uh 
the assistance of the accompanying drawings in* which t 

i-'ig. 1 ia a schematic sectional view showing a 
conventional prior art installation of the seworai type with 
vhich the invention is utilised? 

uig* 2 is a cross -sectional, view of an in aula tod pipe 

}oint o£ the- invention; 

Fig* Hsa oross" sectional vietf showing ssvorsl joined 
pipe sections, an electrode and insulate* pipe joints in accordance 
Vith the invention; arid 

Pigs'. 4-7 are a* scries of cross- sec tion&l views 
illuatratiner tha use of insulating coating* in accordance- with 
the invention. . 

Fig. 1 illustrate* the" heating of an oil sand layer, 
by electrodes couplud to a power supply, in J?ig- 1, reference 
mam«al* 1 and 11 indicate main guide pipes made r>f steel, 2 
and- VI indicate insulators }olnea to the main guide pipes 1 and 

11, 3 and 13 indicate electrode^ ;>oined to thfe insulators 2 and 

12, prorations axe formed in the electrodes 3 13, and 4 and 
14 indicate cables for feeding an electric current to the ele- 
ctrodes 3 and 11. This assenibly in hereinafter called together the 



V.lcctrorte device". Reference nnwerai 5 indicate* a power 
afturcc, 6 indicate* an oil 3oH\d layer r 7 indicates on ulcetric 
current Oovi.nq bet.veen the eLctctrodfts* 3 and 13, B indicates tl 
grouucS surface, 9 indicates ail ovexburflen layer,, *nd 10 in- 
dicate? a layer below the nil sanci layer. 

When a voltage is applied to the -electrodes 3 and 
13 which arc buried in the oil Ranc£ layer 6 from the power 
source 5 through the cables 4 and 14, the current 7 flows in 
accordance with the electric resistance of the oil sand layer 
6 as a result 
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gf which the oil sand layer 6 is heated by Joule &r resistance 
heating. Although, the current 7 paztaally flows into Ch© over- 
burden laytr 9 and the layer 10, the leakajj* is jnaintaincd at a 
low level because* the insulators 2 and 12 are interposed between 
the main guide pipes 1 and ll and tha electrodes $ and IS. After 
the. oil sand layer G lias been warmed r the powe-r supply is inter- 
rupted- Hot water or water vapors* at a high temperature under 
a high pressure are then forced from the uppcx inlet of ont me in 
guide pipe 1 of the electrode device and flow through the oil 
sand layer 6 until they corce out of the other main guSde pipe - 
11 carrying the oil, order to improve the flow rates of the 
hot water or the hot pressure water vapors , perforations are 
farmed in the electrodes 5 and 15. 

Since the upper portions of the insulators Z and 12 
are connected to the main guide pipes 1 and 11 and the lower 
portions are connected with the electrodes i cuid 13, a doicu- 
ward tensile stress is always applied ta the insulators* More- 
over, since tlia assembly tz&-n be at a temperature as hijfh as 
ZSO^t: to SOO^C, the insulators should ba ahle to withstand such 
temperatures. Also, since the insulators 2 and 12 are buried 
underground as deep as several hundred meters with the electrodes 
S an<l 13 suspended from thciT Lower end* Kith the upper ends 
thoreof connected to the main guide pipes Z and 12 , the insulators 
Z and 12 will almost certainly contact or collide with the well 
walls whilu they pre lot/axed into the well. Because of the 



great total weight, any slight contact will iiupose a hi^h Miochi- 
nical impact upon the insulators 2 and 12* There fore, the 
Insulators 2 aad 12 aTo required to be able to withstand anticipated 
levels of mechanical impact. 

5 In an electrode device which hpats an oil sand layer 

when it Is supplied with an electric current, a major problem is 
that the olcctric resistance in the oil sand layer is approximately 
cqxial to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cannot generally 

10 be precisely stated. However, avorage values are i.0ftft-m For 

tho oil sand layer and 100-1^0*? -m Tor the overburden layer. As a 
result, if an electric current is supplied to two electrode devices 
which are constructed by connecting electrodes to guide pipes made 
of steei pipes and by disposing those electrodes in the oil sand 

IS layer, TOO.** of the current will he consumed in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 uKich satisfy the aforeme tnioned requirements. In one such 
attempt, flailed tubular members made of metal arB coated with 
an organic resin which provides a high resistance to heat. An 
appropriate Material is polytetraf luoroethyleiitJ resin (fox example 
"Te£lon™ ir which is trade name of du Pont) . with this 

25 construction, insulating members are provided which are 

satisfactory in their ability to withstand a suspending load 

- 6 - 
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and mechanical impact forcos. However, it hns p;-r;ved quite diffi- 
cult to coat the flange, port ions satisfactory with the insulat- 
ing Material „ Mar&over, even if satisfactory insulating char- 
acteristics, are provided at ruoui toiaperature, the Insulating 
L-nat5iig has a tendency to separata, especially around tho flange 
portions* due to repeated therrwl expansion and contraction 
such hs is typically countered in normal operating conditions. 
If the insulation coating is bredcon or caused to flake off, the 
insulators thus produced become useless, 

Tn s second attempt , porcelain inatoii&l has been used 
for forcing the insulators , However, it is also necessary in 
constructing the Snsulators to take into account the requirement 
foi providing water and oil tight characteristics with ves-pect 
to the connection between the main guide pipes 1 and J.l and the 
Glbctr-odes 3 and 13 as as between the insulating member. 

The connection has generally been made by shrink fitting metal 
pi pus on the outer peripheral surface of the porcelain pipe and 
then connected with other metal pipes ordinary technique^ such 
as voiding or attachment with hol.ts, With this construction, 
although tha wall or oil tight characteristics may be acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the temperature is increased st? that the abi- 
lity to support the suspended load is correspondingly lowt*r©d. 
Moreover, breakage of the porcelain may taken place as a result 
of the stress imposed upon the leading ena portions of the shrink- 



fitted areas, order to eliminate such drawbacks, there lias 
beta proposed tby use o£ a porcelain pipe having ends formed 
as f3>inge portions with the flange portions fastened to metal 
pipes with packings interposed between the contact surfaces. 
5 With this coTi.strucri.on> the above- stated requirements 3 re met 
at room temperature. However T the water arid oil tight scaling 
tends to deteriorate upon repented thermal expansion and con- 
traction. Moreover, ponibldin intrinsically lacks strength 
against mechanical impact farces. Thus p it has a high tendoncy 

10 to be broken by a. mechanical impact force such as is ordinarily 
encountered while thf> assembly is lowered through tho well. 
Thus, the provision of a porcelain insulator suffers from the 
unavoidable do fact that there is a high tendency of breakage. 

Vet .Eurthe-r, insulators foimod Df organic polymeric 

IS compounds have been proposed. Although such compounds may have 
a high strength at room tempei k atur& mid a.xe- quite good electrical 
instil ators , most of the compounds of this general class are not 
particularly heat resistant, Speci f i caliy,v&ry few compounds 
of this, type a-r-e known which are resistant to hot vat ox or tfatcr 
vapor al high temperature and under high pressure* 
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SUMMARY OF TUP , _TW VE N TKW 
In accordance tfith tho invention, there is provided 
an cluctrode device fnr electrically heating underground deposits 
of hydrocarbons including a plurality of well pipe sections, 
5 en electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying on electric current to the under- 
ground deposits, a plurala Ly of insulating pipE> joints okc)i 
Including u first tubular me™o«T having a flange portion at one 
end thereof", a second tubular member having a cop portion at 

10 one end thereof adapted to bo received in the flanga portion 

Of the first tubular merabgT wrf.h a gap therebetween and nn in- 
sulating member disposed \d the gap between the flange portion 
and the c^p portion for hermetically coupling the first and 
second -tubular members while electrically ins ul at lug them from 

15 One a-nothsr And witK the insulating pipe joints being us ort to 

couple at T.east some of the pip* sections together and the elec* 
trade to one af the pipe sections, and a cable connected to the 
electrode tor supplying en electric current thereto. 

At least SOflte of the insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
£ap bett/een the flange portion in the Cup portion and second 
insulating portions disposed adja-cent inner and outer surfaces 
of the tubular members with tlic first and second Insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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1 insulating member of rcidU of the in&uLattid pipe . joititG iv jaado 
of a gluss-jaica molding formed Hrom vxwders of <? lass and mica. 
An insula tintj coatincj may be provided on at least a portion of 
the outer ^arface: of the insulated pipe 3oint£U This coatin.g 
way be a reain' of polytfc trail nor ou thyl wiu r a resin of dxphenyl 
oxidiS. MOreOvOr, a protective layer Or insulation C&n be 
proyi<3e<5 around at least a portion of the in mil a ting coating ~ 
l'he pro tec Live layer may be; an inexpensive material such as 
polyethylene, polypropylene or polyvinyl chloride. 

10 Farther objects and advantages of the invention will 

appear from the following description taken together: vrith the 
accompanied drawings. 

in an cor a" ancre. with the invention, tharo ic provided 
an talectrical tieating elsctro<2e device which 1& entirely frtxi of 
■the: above-Mentioned draw baefcs ♦ A preferred embodiment of 
the fcl retrod o da vice of the invention will be describe*! in 3etail, 
first with r afar once to Fig. 2 vhiuh shews a tfross- sectional 
view of an insulate pipfl joint 21 whiuh is utilized vflith the 
20 electrode device of the invention. 

The pipt? joint generally designated 21 in Figure 2 
comprises four basic alementa: 

a first tubular member 27, a second tabular mamnber 33, 
a cylindrical sltjev*i-lik& cover member 2$, and an insulating 
mambsr 35. 

ntfie first tubular; jriojub&r 22 comprises ft cylindrical 
tubular portion 23 with a radially outwardly extending flange 

portion 2 A at a luwtel" find as shown. 

The secontf tubuUr member 33 compriBey a cylindrical 
30 tubular portion 30 with a radially outwardly extending hub port.* on 
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25 at an upper end £fj :>hOwn* The interior diameter of tabular 
portion 30 of the sticond tubular number 33 3.3 ehovn identical 
to the interior diameter of tubular portion 23 ot Che first 
tubular, member 22. 

Hub portion Zf/ of the 2nd tubular member 33 is. provided 
with an internal annular recess 31 a& shown. Huh portion 25 
is also provided -with external thread b 32 which mate vith 
threads 28 .on cover member 29 to be decor ibecU 

Sleeve -like cover, .member 23 comprises a cylindrical, 
Uubulfcr, drum- like portion 26 with, interna I threads. 2 8 at one. 
lover and as shown in Figure 2 and a radial] y imsEixdly extending 
cap portion 27 at the other upper end. As shown, tubular portion 

26 has a larger internal diameter that the external diameter 
o£ f-lango portion 24 of the first tubular member 22 bo as to 
provide a sap therebetween to be occupied by insulating member 
3i>. Cap portion 27 ox cover m&tnbar 2 9 htie *m internal diameter 
laroer than the external diameter of tubular portion 23 of the 
first- tubuliir jnember 22 so as -to form a <fap therebetween. The in- 
ternal diameter of cap portion 27 is smaller than the external 
diameter of f?laiKjG portion 24 of the first tabular member 22. 

preferably the* firat tubular member 22 , second tubular 
member 33 and cover member ?,& are made .from steel. 

insula ting member 35 include* an. ou.ter .cirpumf erentially 
insulating portion 36 which surrounds; external surfaces of 
tubular portion 23 c-f first tubular jnember 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recess 31 of hub portion 25 of the second tubular member 
33. The inner insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the second tubular member 
33, Ab may bti B<?3en, insulating jn&mber 35 comprises an integral 
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l mfcAtber extending from portion 3e> thereof ta portion 37 thereof,, 
integral insulating member 35 t*ius spaces surfaces Ol* the Cirut 
tubular member 12 from smcfacrftR of second tubular IftCJOber 33 and 
cover mtmbcr 29 by a gap occupied as seen in i'igure 2 hy insula tiny 
member" 35. Insulating member 3!S insulates first tubui&X member 
22 from contact With aoooijd tubular member 33 find cover member 

h'ith cover member 29 screvfad down onto second tubular 
KlGittbfcr 33 as shown in Figure 2, flange portion 24 first tubular 
JO member a? encased by insulating member 35 ia sandwiched between 
cover moiobc.t 73 and the u^per end of hub portion 25 of the 
second tubular member 33 * whereby insulating menibBi- 35 may form 
a norma tie iseal between first tubular meinbex 22 and second tubular 
jo ember 33, 

Ry screwing cover member 29 onto, second tubular 
member 33, first tubular member -22 may be firmly p sealably coupled 
to fiecond tubular member 33 yet insulatively isolste^. thfi.refro™. 

In assembly, first tubular portion 22 may b© inserted 
through cover member 29 following which cove* member 2? may be 
20 screwed onto second tubular portion 33. The insulating member 
35 may be s&en to occupy a garj between the first tubular member 
22 and the combination of the second tubular member 3 3 and cover 
member 29- 

Px of or ably, the entire insulating raembor is made of 
a compnaition of ylasfc and mica and is formed by □ muidin <J pro- 
cess. The Relating member is formed by hoal:ing a mixture of 
powders o£ glass and mica to a sufficiently high temperature 
that tho mixture become, b fluid* Once: the mixture is fluid, it 
i& pressure molded using a mp.l.d of appropriate shape. The for- 
3° raation of the insulating member 35 will be deacirbod in jnorc 
de Lai)., 
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Tho fSrsi: tubular aiembor 22 and th« second tubular 
member 33 .ire assembled to be positioned as shown in. Pig. 2 and 
are th«w heated to a predetermined temperature- The two twlmlair. 
niembore at the clov«t€rf3 tenperatur© ate fitted into a Toold, 
ttext, a mixture of glass and mica powders is prepared by pre- 
molding the Mixture, into the farm oi : a preliminary molded member 
of a cylindrical shape which vs'il 1 fit in the gay between the 
tabular portion 23 of the first tubular member 2 2 and eover member 
2D. The preliminary molded member is heated to a predetermined 
temperature and fitted in the ?ap in a heated condition. Hetft, 
a preeeur/e is applied to the preliminary molded Member before 
it cools to force the* material of the ma^bei' to i'lov.' into the 
gap bstwBen thta first and second tubular members and into the 
internal annular recess 11 in the second tubular member 33* 

For the material of the preliminary molded momber, 
45 wtfc of; ylaBa powder prepared by pulverising & ylaze used for 
enamel coating steel objects, commercially available 1 as Product 
Ho. 2312 of Nippon Fexro, *itd. r to a si&e of ZOO mesh Mixed vith 
55 vitft of mica powder of synthetic phlogopoUe of a size of 
[>[> to 200 me&h. 5 w« of water xa added to the resultant mixture 
to. wet it »o .it can be molded. 150 0 gcci Df the netted mixture 
ip molded using a cold pressure raDldin-9 process to form a cylin- 
drically shaped body UBing & mold (rxot shown J . The preliminary 
molded Member disposed in a drier at 120°C for two houra 

to dry ib prior to its use in forming the insulating member 35* 

As described above, tbe covbi; member 29 and the. hub 
portion 25 are. joined by screw threads. However, the invention 
is not limited thereto as tlic cover member 29 and the huh por- 
tion 25 can bu joined by gelding. 

in an alternate cmbocUmeut r the cap portion 27 of 



t th« coyer member 29 is divided in ho four quadrants two of vhic'o 
are- removed, 'J?h£ flange portion 24 of the first tubular .member 
22 if; i:ben out *uch that the remaining- part of: the .Clemgu portion 
24 cfin fit through tht? two removed quadrants o£ tho u«p portion 
27 so that the flange portion 24 can be located under the cap por- 
tion 27 uf the cover member 2S>. 

Wi th the insulated pSpn Doint closer* ibec5 above, a ten- 
sile for co imposed on the ends of tha joint is converted into a 
coiupreeeive force wluch acta between the cap portion 2? nnd 

to Slancje portion 24, b'inee the compression strength of the insulating 
member 35 of the type described is much great or than its tensile 
strength and since the force par unit area can bo suitably set 
by adjusting the extent of the area on which the compressive 
forces arc applied* Lhe resulting assembly is quite strong and 
able, to ^iths-tanci high tensile force-s imposed on the ends of the 
joint* 

iVt high toinpcraturefi, for instant 30Q°C, the? heat 
resiietant characteristics of the insulating member are primarily 
■determined by the thermal characteristics of the gla&s material 
7.0 used as vhe starting material. Particularly, the transition 
tempera tnre of this material is important . if the transition 
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temperature U, for instance, in a range of *C to 600 *C. 
a high mechanical sti-cftfcth JToi: the overall assembly will be 
preserved to a Lemperature of at least 3f00*C. 

tfith inspect to the resistance to mechanical impact 
forces, the mica ponder which is u.sed to form the insulating 
mentor is composed of particles having a flat shape wherein 
the ratio of the diameter to the thinness of a single scaJfi 
par tic! o is tenmlly in a .range of 30 to 50:1, Due to the 
presence of the scale particle?, the molded insulating member 
has a laminated form thereby providing it with » Wfth elasticity, 
this high elasticity would not be present if the insulating 
member *ere formed only of glass powders. Due to the laminated 
construction, the insul at injj member is provided with a much 
greater resistance to repeated temperature changes and mechanical 
impact forces then is «t prior art type of insulating raesnber .uade 
of an inorganic compound, merefora, the insulating member 
produced in accordance with the invention is sufficiently strong 
that it can withstand the topical impact forces which arc en- 
countered during the use of the structure. 

Next, the construction of a preferred embodiment 
of an. electrode device of the invention utilising the above- 
described insulated pipe joint 21 be given vith reference 
to Fig. 3. Reference numerals 1 to 4 used in Tig. 3 indicate 
similar components as those of Fig, 1. The right hand half of 
»i£, 3 shows the completed structure of the insulated pipe joint 
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21, As sfcftwn in the figure, the insulating member 2 includes 
+kd insulated pipe joints 21. One end of the insulating member 
2 is connected to the pipe 1 and the other to the uleelrodu 
3. These connect ioiu s may bp Hindu hy w&'U- known techniquos such 
as welding or by the use of screw threads. 

As, in accordance with the invention, the completed 
insulated pipe joint 21 has & common throughhole o? c*iT»,st3nt 
internal diameter, the assembly and use thereof is quite easy. 
For instance, the provision of the above-tScscribcd partitions 
is quits simple, tii ffturfie, tootg than two insulated pipe joints 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f needed, such as in the cas* hi-ino havinp tt high 
salt concentration is nsed 7 the outer surface- of the insulated 
pipe joint 21 can be covered with a coating 41 of an organic 
substaTico having a -sufficiently high heat resistant property. 
This is shown in the lefthand part of £dg. 3. Fox example, tlie 
coating 41 can be formed by shrink fitting a "Teflon M tube. 

its described ahesvd, in accordance with the invention, 
thD pipes and tha otoctrudus arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of th* insulat- 
ed pipe joints are converted into compression .forces which act 
between the cap portions and the flange portions thereof. Since 
thci compression strength of tha insulating member is much greater 
than the tensile strength thereof, xhe overall electrode device 
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of the invention has h L>uitB high mechanical strength and can 
withstand high pressures and strong mechanical impact forces 
50 that it can be used under severe opciatlng conditions often 
encountered in oil well application. 

5 Yet further, the coating 41 and the insulating members 

" 2 and 12 of the electrode can be formed from, othar materials* 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance of various organic 
polymeric compounds to hot water and water vapor at high tefripoTature 

10 and under high pressure. The compounds investigated are listed in 
Table 1. herein* 

Regarding the tesTS, test piocos of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 

15 rater- The autoclave was hsld at 2&0°C at an internal pressure 
o£ 6fi kg/cm 2 for a period of 10 days, ThB autoclave- was then 
cooled to a room temperature and the test pieces wja checked for 
appearance. The results are presented in Table 2 from which it 
can be seen that hot water and steam had a much more adve-rss effect 

20 than dry heat. Of the materials tested* only oolytetraf luoYoethylenfc 
resin and diphenyl oxide resin were acceptable. 

A coating of vater. aud stoam resistant resin can bD 
formed around the pipe 1 by repeatedly applying coatings of the 
material, and baking the assembly until the desired thickness is 
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obtained. Also, a coating of the heat resistant rei.sn can be 
formed by first prepaying a tube of the tcsim having an inside 
diameter slightly larger th^n the outside diameter o£ the pipe 
l:.and then slipping the tube over the pipe 1, If the resin 
5 is in the form of a sheet or tape, it nwjr be uound directly around 
the pipe 1 and then fusion -bonded if necessary- As described 
above, a heat-shrinkable tube of polytetraf luoroethyltme can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe. 
As discussed above, v^hon the assembly including the 
10 electrode Is inserted into the oil v*n , there is unavoidable 
cbTitect .with the inner wall of the well so that the heat 
resistant insulating coating may be damage*- To prevent this, 
protective coating of insulation 16 nay be fonaea around the 
insulation IS as shocm in Pig, 5, Since the protective coating 
tS of insulation 16 may melt or collapse if the electrode is 

exposed to hi*h temperatures, it tan be made of an inexpensive 
material such as polyethylene, polypropylene or polyvinyl chloride. 

Typically, the total length of the guide pipe 1 is 
200 to 500 m. Howe/er, a single section of the steel pipe that 
20 makes up the fuide pipe 1 is only about 10 ut In length, fb join 
the pipe sections, each pipe section is provided with a taper 
thread a* one end and the pipe sections are jaiEied by screwing - 
theia together. An insulting coat in* must also be formed around 
the joined parts of the pipe sections and or. the surface of the 
Z5 coupling. To accomplish this, as show in Fig. 6, steel pipes 
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li\ and IK are covered with the coaUug of heat resistant insul. sit- 
ing material 15A and 1FR and arc joined by a coupling 17. A 
coating of heat -resistant insxcla t ion ISC is formed around the 
coupling extending into adjacent areas, A heat-shx inkable tube 
£ of a ^Dlytetraflaoroethyleae is particularly suitable in this 
case. 

To protect the* insulating coatings from direct contact 
icith the inner va2l of the well* xtoe\ pipe sections IA and IB 
covered with the coating of hoat resistant insulating material 
* n ISA and 1SB end protective coatings of insutation 1GA and X6ii 

are first joined through the coupling 17, Thereafter > the coupling 
16 is coated with the heat resistant in5til.af.ion 15C and thou a . 
layer of 16C if formed around the coupling and in the ad j anon t 
areas as shot/a in Fig, 7. 
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li\ and IK are cr>vored with the coat. lag of heat resistant insulat- 
ing material ISA and IFR and arc joined by a coupling 17* A 
coating of heat resistant insulation 15C is formed aTDund the 
coupling ex fc Ending into adjacent areas, A heaL-shr inkable tube 
of a poly tetrafluoroethylene is particularly suitable in this 
ease. 

To protect thu insulating coatings from direct contact 
with the inner wall of the well* stool pipe sections IA and IB 
covered with the coating of hoat resistant insulating material 
ISA and 1SB and protective coatings of insulation 16A and 16B 
are flxst joined through the coupling 17, Thereafter > the coupling 
16 is coated with the ho»t resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shoc/a in Fig, 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B ~ Turned into a JAixnp* 

C no, 

j> ' Collapsed 

El 

F Do* 

G * Tamed into a lump. 

H Glass whittled 

(Resin came apart) 

J Do. 
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WHAT 3S CLAlUlil) 

1. ftn electrode device for electrically heating under- 
ground deposits of hyd roc arsons comprising: a plurality of kd11 
pipe sections; an electrode adapted to W dispE)sod in an under- 
ground deposit ftf hydro carbons for supplying an electric current 

5 to said underground deposit; a plurality of insulated pipe joints 
each including a first tubular member having a flaunt; portion 
at one end thereof, a second tubular member having a cap portion 
at tine end thereof adapted to be received in said flange portion 
of said first tubular member tfith a xaj) theix-bctween, and an 
10 Insulating member disposed in said ga;p between said fl an /por- 
tion and said cap portion for hermetically coupling said i'irst 
aiid soc-cmd tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe }oints being operatively disposed to couple at l^ast some 

XS of said pipe sections and said electrode tfbile electrically 
insulating said at least some of said pipe sections and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are Interconnected. 

3. The electrode device as set forth in claim 1 k'hei'ein 
said insulating member of each .of said insulated pLp^ joints 
comprises a first insulating portion disposed in said gap between 
said f 1 ange portion »pd said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members „ said first and second insula Ling portions 
being formed integrally with each other. 

4. niu electrode device as set forth in claim 1 wherein 

s&id insulating member of o*ch of said insulated pipe joints 
is made of a glass -mica molding forced from "lass and mica 
poi/dCrS * 

Tho eLcctrod© device a* set faTth in claiiii 1 further 
comprising an jn-su"Utin# coating profiled op at. least a portion 
c£ an outer surface of said insulated pipe joints. 

6. The electrode dovieo hs set forth in claim S. wherein 
said insulating coating is: polytBtranuorDcth^lene . 

7, Th& electrode device as set forth in claljn 6 wherein 
said insulating coating comprises a resin of thermally shrinkable 
polytetrafluoroethylene, 

s . The electrode device as set forth in claim 5 v^hoxcin 

said insulating coating comprises a resin of diphenyl oxide. 

9, ia k e electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon at : 
least a portion of said insulating coatings 

10. the Lilucti-ode device as set forth in any of claims 5-7 
fuTthev comprising a protective layer of insulation upon at 
least a portion of *&id insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene, polypropylene and polyvinyl chloride. 
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11, m ciftntroao (lovlr.n for uloctricaUy heatim* under- 

ground deposits of. hydrocarbons comprising a plurality Of inter- 
connected well pipe BecUonB, an iaI 00 trade, adapted to bo disposed 
in an underground deposit of hydrocarbons supplying electric 
current to said underground deposit r at least une insulated pipe 
joint. including a firs* tubuUr member comprised o£ a well pipe 
section having a fiamjC portion at onG end thereof, u Second tubu- 
lar membur compiled oE said electrode deponed in Liligmuoiit 
with said lirfct tubular member, a cov^r mewbsr carried by aaf.d 
BRCond tubals niQrtb&r havinci a cap portion at one end thsreo* 
dippoaed in overlying relation to aadd flange .portion above said 
firgt tubular iciomb&r wtth a gap therebetween, an insulating member 
disposed in said gap between said flango portion and said cap 
portioi^ for hermetically coupling suld first and second tubular 
member find for electrically insulating said first and second 
tabular members from one another, cable mean* connocted to said 
eleotrodP for supplying an electric current to said electrode and 
an Insulating coating provided on *t least an outer surface of 
iuaid insulating pipe Joint, 




